Dealing with Ordnance
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Abstract: The presence of ordnance (as opposed to the mhaytypes of debris) in the seas, rivers, lakes and
estuaries world-wide is not surprising given thenber of wars that have taken place and that, inynaaeas,
waste explosive materials have simply been dumpeshiat were once considered to be “quiet waterséne
where records exist of these materials in a limiachber of specific areas when disposed of by Gowent
Agencies, there can be no guarantee that dispodahat take place outside the specific areas ot tha
ordnance has not been subsequently moved by walveuarent action.

Ordnance can be found on the surface where thasbleard or, in the case of sand or softer depdsiised

within them. While in the former they are relativelasy to find and removed prior to dredging, im léitter case
it is much more difficult and they have to be dedth safely both during dredging, on-board theddyer and, if
material is dumped ashore, in reclamation.

Individual pieces of ordnance, even when large, mawlifficult to locate. For example, during theedging of
the submerged tube tunnel trench for the @resun#t project and despite a significant number of sysv
(including diving surveys) during the investigatiand design stages, ordnance was only found aftelgihg
had commenced. Ordnance took the form of World W&o material, including large bombs and a detailed
magnetometer survey was required. This survey wesessful and there was no delay to the project.

On the Medway Estuary (UK) where sands and so#dinsents were present, some 770 pieces of ordnance
were found during one dredging and reclamationgmtojThe Contract specification assisted the cotdréo

limit his risks and bomb disposal experts were ireguon the vessels at all times. Attempts were aiade to
remove ordnance prior to dredging in an attemptép major pieces of ordnance entering the dredageds
subsequently, the reclamation areas.

If ordnance is expected the Authorities, Emplofargineer and Contractor should be properly prepared
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1 INTRODUCTION

Ordnance poses many problems, not only to the éredeying to remove it along with the sediments, &iso
when deposited in the reclamation areas or evemwloenped back on the seabed in spoil grounds. @Qodna
can also pose problems for shipping, even wherolefthe sea bed as, under certain circumstancpgsive
materials can become more sensitive over time.héndase of the Medway Estuary (UK), a Liberty ship
containing armourments sunk adjacent to the maamcél (see Figure 3) has to be monitored annuaknsure
that its lethal cargo is not moving into the chdroreelsewhere. It is also important to ensure tiatship is
allowed near the wreck.

Ordnance is defined in the Concise Oxford Dictigr@smounted guns, cannon; branch of government service
dealing especially with military stores and matésjéut a more practical definition in terms of dredpis,
bombs, cannonballs, shells, grenades, rocketshdeparges, torpedoes and the like — virtually amghthat
could contain explosivedVhile the dictionary definition of ordnance can eowa wide range of dangerous
materials from torpedoes to bombs and cannonlsidien to bullets and even buttons off military unifs, in
terms of dredging it should cover anything that migxplode and endanger life during the dredgind an
reclamation processes and even those using the afteawards. Clearly, it is the larger pieces aiming the
greater quantities of explosives which cause thetrooncern and have sunk one dredger and disabtetiea

in Hong Kong waters and badly damaged one neari<Ca&lartunately, modern trailer dredgers have sdgpar
and sealed pump rooms within the hull, but withhbotitter dredgers and mechanical dredgers e.ghbask
and buckets, the presence of ordnance poses spauifisignificant dangers to the crews.

The paper looks specifically at ordnance, which thespotential to explode at any stage during tteeiging,
dumping or reclamation processes. By way of examjpliooks at ways of dealing with ordnance, tHikiely

effectiveness and costs. The paper does not déalgeneral debris encountered during dredging, lwhibile

it can affect production, does not usually affedety. For example, large pieces of wood, metabok or even
tyres which can jam the dredge pumps.

Ordnance can be found in virtually all areas ofwheld, especially where there have been warsdantyears.
New ordnance can take the form of unexploded nadsenised during battles or in target practice drmoterial
which has simply been dumped overboard or placespérific spoil dumped areas. It would be safeskume
that virtually all major ports in Europe containns® ordnance within the sediments of the port otheir

approach channels.

Ordnance poses major problems to dredgers in tinaipubtedly, the cutter, draghead, bucket or baekiit
be coming into contact with it. It then also hasptss through the pumps in the case of the traileutter
dredgers. Obviously, even grabs are not immune ttanger.

While for the trailer dredger, the ordnance cardealt with partly by putting grids within the draegd, this is
not a satisfactory solution for the cutter suctibadger.Also,with the cutter dredger valves havbdditted to
the discharge pipe to ensure they are not sunkéyldoding of the punp room.While it is possibtelift and
clean the trailer's draghead , this solution is mueore difficult with the cutter. For a bucket oadikhoe
dredger there is virtually nothing that can be doeing the dredging process to lower the impacthef
ordnance, which will only be discovered and be te@éh once it has been raised and placed in thgdsa The
presence of ordnance means that the ContractdpHhsesvigilant at all times, and the Consultant &maployer
have to give proper consideration to its likelygemece and possible consequences. This is imparntanfast at
the point of dredging, but also during transpord amithin the reclamation/dump area, especially hé t
reclamation area is to be reused, say for a port.

Under normal circumstances when ordnance is enecethidredging ceases and the Contractor must #veait
arrival of the appropriate authority to come anthege it to a safe place where it is then dealt witlsuch
delays are not to be significant on any projeds &ssential that the Contractor employs his opetislists and
the authorities are fully aware of the circumstanard are in a position to take immediate acticand when
ordnance is encountered. Under normal circumstatieegost of calling out the appropriate authositéend
employing people full time onboard the dredgersoider to properly classify ordnance, is relativelyall
compared with the cost of the dredging projeds klso possible to temporarily store ordnance anbdredger
if it turns out to be blank shells or say cannolbblt, if live material is encountered, then imiagel action
must be taken to remove it.



2 ORESUND LINK PROJECT

The @resund Link Project is the road and rail lbdtween Denmark and Sweden (see Figure 1). Itiruas
submerged tube trench some 3.5 km long from Kastiegr Copenhagen to a newly reclaimed 4.5km long
island, and then on over an 8.5km bridge to thediskecoast just south of Malmo (Maddrell et al 1,98398).
The dredging for this project required the excaranf the 120m wide trench for the submerged twidech
was mainly in limestone, and the removal of bouldewy in the area of the temporary harbours andtter
widening of the main channel, both on the Daniste sind in the Flinte Channel. Environmental rettns
limited all types of dredging losses to less théf & the total quantity dredged (see Maddrell etLl888 and
Dynesen and Dietrich, 1999).
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Fig. 1: Plan view of th&resund Link Project, dredging and spill areas

Studies for the project took place over many yeard included boreholes and site surveys e.g. battrym
seismics etc. In addition, diving surveys were iedrout along the whole line of the works, espégial the
area of the submerged tube tunnel, but no ordmamsefound. However, in November 1995 a large WVl
Two bomb was discovered in the dipper reclamatiatenial (boulder clay) at the Peninsular Harboyjaeeht

to the Danish coast. It was safely disposed offlgyRoyal Danish Navy and it was concluded this mast
probably an isolated bomb and no further action taen. However, on 19 July 1996 two 50kg bombsewer
discovered, this time on the dredge barges ofalgeldipper dredger, the “Chicago” (Gillespie, 1980ring
the unloading operation of material into the bufaighe central island. Surprisingly, this dredgedterial had
come from the trial mound No 5, dredged some 3syearlier, located close to the Peninsular Harbebich
was the same area the first bomb had been foune.bbimbs had been dropped by the Royal Air Force,
probably in 1944 and did not detonate becausereitieedetonators had not been correctly fitted ereanot
activated because they hit water. However, therddto on one of the bombs was still operational, amdler
certain circumstances, could have exploded. Thegilg of the tunnel trench was being carried outheylarge
cuttersuction dredger the “Castaand concern was raised as to the damage that beutdused to the dredger
should it activate a similar bomb. It was therefdeeided to conduct a full ordnance detection sumehe full
area to be dredged by the “Castor”. Immediate nreasents were taken using divers with magnetic detec
equipment (magnetometers) to survey the seabdtkimrea to be dredged. This multi-beam magnetieegur
was a preliminary approach pending the adoptioa ofiore efficient system. The technique finally addp
comprised of three parts namely, object detectitoject classification and recovery/disposal. Thaswarried
out by Brock and Michelson (Henrich Hirdes GmbHheTaim was to detect bombs or other explosives,
ferromagnetic or military equipment, up to two nestbelow the seabed.

The system used consisted of an eight channel rn@mgeeer system with sensors mounted on an aluminium
pontoon which was pushed forward in front of a mdioat (see Figure 2). This pontoon system could be
lowered to 6.5m below the sea surface and enabtegddssible detection of objects as deep as 12¢iomtihe
sea surface. Unfortunately, the detection depthnedsieep enough for all the planned area andhduriore,



was only suitable for protected calm waters. Fig tkason a heavier, more ridged and stable poniam
constructed, which could also be lowered down tm b2low water level, enabling a detection depth&rh.

Fig. 2: A magnetometer system similar to that usedetect ordnance in tf@resund.

The position fixing used a DGPS receiver and tha tkas stored together with the magnetometer irddom

in a multi channel data logger. Charts were produce a daily basis together with a report, whichs wa
essentially, the Object Classification Survey. Thgect Classification work was also carried outhwiessels
equipped with a minimum of two “spuds” and a divinasket enabling precise mooring and positioninthef
diver.

In all a total of fifteen bombs were recovered alishrmed by the Royal Danish Navy Explosion Ordeanc
Disposal Service during the project. In additioevesal ferromagnetic objects, anchors, wires, chatn. were
located and recovered.

All the ordnance took the form of bombs and, agdlesd above, three bombs were discovered initifillyring
Phase 1 of the dredging, between July and Decefr#8#, ten bombs were discovered out of a total raurob
724 suspected objects i.e. ferromagnetic mataesiai®ulders (in this case the boulders were gatiragic rocks
with a relatively high ferromagnetic content). Ttadio of bombs to possible bombs was therefore 12inin
Phase 2, which took place between April and Jur@/ 1'% further bombs were discovered, although 378
relatively high ferromagnetic areas were encoudtdr®wever, after the sinker line for the “Castaids moved
and the survey carried out along this area, 2 édutlombs were encountered.

Happily the magnetometer survey was able to clezasaahead of the “Castor” and there were no détaglse
dredging. The overall cost of the survey at somié $as about 1% of the final cost of the $450M diadg
contract, based on 1997 prices.

3 MEDWAY ESTUARY

The Port of Sheerness lies on the right bank oMbdway Estuary (see Figure 3) and there has bessjar

port in this area for hundreds of years. Indeedas initially developed by the British Navy asoatfand

fortress and was used during that period for tgogettice on barges towed at sea and for the develot of
various guns. In 1989 the main entrance channetdhd deepened for a new container port on thé lvaaek,
with some 3 Mm having to be removed. The project was essentiadiyedging project and, while disposal was



to be in the tidal area of the Lappel bank, togbeth of the port, it was only a general reclanmaticea and not
one specifically developed as a reclamation are&ufare port development.

The dredged soils in the area were mainly fine ¢aliom sands, but there were also some areas aflgrad,
near to the Sheerness Port, an outcrop of stiffibarclay.

Fig. 3: Permitted dredged areas to be used ingtensl Lappel Bank Reclamation Contract.

As explained above, the Port of Sheerness andeéhdee whole of the Medway Estuary has been used a
port by the Navy and civilians for many hundredyedrs. Magnetometer surveys carried out in tha afeere
a battleship exploded during World War One wastirety successful in identifying major pieces ofeskage.
However, when using this technique elsewhere ireiteary, especially the entrance channel to tigdate
ordnance, it was not particularly successful. tiidtl, however, be noted that the magnetometer gwras
carried out using a towed fish and not in the sdetailed way as on the @resund Link.

Fig. 4: Grill in the starboard draghead of the ig. B: Grill in the left portside draghead of the
“Volvox Delta.” “Alpha B".

It was known that the fort at Sheerness had beed fas many years as a gunnery range and ordnaatbéden
found in earlier dredging campaigns. For exampler @ 6 to 7 week maintenance dredging contrat®it,
fifty varyious types of projectiles plus a consiaele number of cannonballs were recovered. In TR8kg the
removal of some 2,000tnboth 4 inch shells and 40mm Bofor shells wereveced.

Because of the known presence of ordnance, bahalind practice shells, and the presence of a mjilessel,
the “Thomas Connelly” (see Figure 3), which had hadn partly destroyed using explosives but whaghirh

the channel, restrictions had to be placed on tedgers. The dredging was carried out by three mnedized
trailer dredgers, the “Geopotes XV”, the “Volvox & and the “Alpha B”, with hopper capacities dadtlveen



5,000n7 and 8,000 As all of the dredge material, apart from the dom clay, was to be placed in general
reclamation that was be used for port developmmengrdnance was to be allowed onto them. Conselguent
25mm steel bars were welded in the trailer dragheadng opening spaces of about 150n{see Figures 4
and 5). This proved partly successful in that ngompieces of ordnance were found within the recltom
area, which was inspected regularly, although it amounts of ordnance did become jammed in the
dragheads. Under normal circumstances the draglneadi® be raised and cleaned every 20 to 40 ninute
when production fell. If the delays associated witaning the dragheads were in excess of 30 ndntite
Contractor could claim downtime.

During the dredging in 1989-90 over 770 piecesrdhance were encountered and, happily, most of this
material was “safe”. This “safe” material consist#doth cannonballs from the war with the Dutckl &me
Napoleonic wars, together with numerous dud ortprashells. However, some 32 live shells were geedup
and, had to be dealt with by the Royal Navy. Figushows a particularly large shell recovered fthm
draghead of the “Volvox Delta”, where it had becdoged in the grill. Numerous pieces of ordnanesev
recovered from the grills, all of which if consiédrsafe by the inspectors, could be stored fanadd time
onboard the dredgers. Figure 7 shows a large nuaftsdrells, being stored onboard the “Volvox Delta”

Fig. 6: Large piece of ordnance from the screenhefVolvox Delta”.

Throughout the first Contract, and the subsequentréclamation Contracts carried out in the 199@embers
of the Royal Navy, or similarly qualified peoplegre employed on the dredgers to advise on the tyjpes
ordnance being encountered, and whether or not diageaction had to be taken. The ordnance wasrdft
where it was found, or if it was safe enough tddfieon board the vessel, offloaded onshore |atérile
relatively expensive in terms of specialist staiffl @owntime , the cost of this operation was al384tof the
overall project cost of some £6M.

During the course of the first Contract and subsatjy in his claims, the Contractor complained that use of
grids in his dragheads was reducing his produdignificantly i.e. by some 30%, despite the fact the
completed the work within his programme. Analyskthe dragheads and of the likely flow conditiohewed
that while undoubtedly there had been productissds, these were relatively small, of the ordér-010%.
While the Contractor had lodged significant clafimsloss of production, all claims were settled e amount
originally certified by the Engineer.



Fig. 7: Collection of “safe” ordnance from the sme of the “Volvox Delta”.

As the first contract proceeded, various method®wréed in order to attempt to reduce the amotiordnance
being trapped in the dragheads. This took the fortrawlers running up and down the channel and, waart
successful. However, while they did manage to deaggsome ordnance, in general the amount that they
encountered was less than 5% of that recoverelebgiredgers. Overall, the use of trawlers was oosidered
to be successful mainly because most of the orénappeared to be buried below the surface. Theg,wer
however, a relatively cheap option (£1,600/day,Q3thd worthy of further consideration in particula
circumstances eg where finer grids were being usatting more ordnance on the seabed and the\edidve
other debris (see Figure 8).

The wreck of the “Thomas Connelly” had to be rentbas it lay in the channel (see Figure 3). Its neaho
proved somewhat problematical in that over the ysaweral attempts had been made to remove itdoyirg it
up. It was eventually removed using a large orgeg grab on board the “Rhino”. However, during its
removal several pieces of unexploded ordnance foeral (used in earlier attempts to blow it up) urtthg
depth charges (see Figure 9). These were sucdggidalt with by the Royal Navy.

Two further contracts were let in 1991 and 199pas of the development of the Lappel bank. In lmatbes
material was mainly removed from the seabed withénestuary (see Figure 3) and, with the agreeofghe
Contractors, grids were fitted to the dragheadsimsykction at the point of discharge was carrigdday and
night. While some ordnance was found on the redi@main all cases this took the form of empty sbakes
and the only major problem encountered was theugiddss of production as the grids on the dragbead
became blocked. They could normally be cleanechdutischarge and, again, there was provision in the
Contract to allow for downtime in excess of halfreur.

In the 1994 contract, material was required toaietithe Lappel bank for further port expansionwds a
negotiated contract with Westminster Dredging. Sa8@ 000m of 6mm gravel was required to complete the
1,300m long, 6.5m high seaward enclosure bund, thih600,000rhof mainly fine to medium sand, some 6m
deep, behind. Under the Contract, the Contractdrttigrovide details of his proposed control measur
required to comply with the Control of Substancez#&tdous to Health Regulation 1988 and to prepaetiH
and Safety plans. Ordnance was definebamsbs, cannonballs, shells, grenades, rocketshdgmrges, mines,
torpedoes and the lik& he Contractor had to take measures to identifgrially dangerous ordnance and, if
identified, immediately notify the appropriate aatities, whose decision on what action must bertakas

final. The Contractor also had to take all pradiieacare and precautions to ensure the safetysabikforce
and to install grids on the draghead of his smald8n7 capacity dredger, the “MD Medway”. In particultire
Contractor was responsible for ensuring ordnancene put into the reclamation and was responéitlall
costs associated with its removal. This includedpbssible use of grids or cages at the pointsuftdirge.

The Contractor also had to allow in his rates flags and production losses in dealing with ordeanc
Experience from earlier contracts had shown thattlaghead gradually became blocked and the negudtss



of productivity could require their clearing onogegy 30 minutes. He was, however, paid for delaysohd 30
minutes, and so was not responsible for delayayifise ordnance was encountered.

The Lappel bank is at present used for the stasdgars and therefore, should live ordnance havéhgough
into the reclamation area, it should be relativegfe. However, should other developments take pléttén the
reclamation area and say piling was required, littvéi important to ensure that first of all excaeatis carried
out and the piles placed so that their tip is ast&m below the ground surface. The area wouldl ltlee
backfilled prior to piling and thus, should ordnarim encountered and an explosion take placepiicimot
endanger human life. Under ideal circumstancesilimgshould have to be carried out.

Fig. 8: Debris recovered after trawling.

In all three of the contracts consideration wa®gito the adoption of a policy that ensured no ande passed
through the dredgers and into the reclamation. WWoisld have required relatively fine draghead giilacings
and have meant relatively low production rates. Eleay, it may also have meant leaving the ordnandh®
bed to be dealt with by future generations oraterd removal using more expensive detection anuvesy
techniques. The policy adopted on the Medway wa&g mossible as the risk of explosion was considdrngthe
Authorities to be low. However, where quantitiesieé munitions are expected, the risks must bess and
appropriate techniques adopted for dealing witimthe

4 TOUSSAINT RIVER, OHIO AND THE SEABRIGHT BEACH RENOU RISHMENT PROJECT,
NEW YORK

These two projects are described by Welp et al {(189d have only been included in this paper tavshow
others have dealt with ordnance. In both projekés highest priority was given to personal safetyd an
important factor for both was the end use objestivé the projects, which dictated their design apph,
equipment selection and operating procedures. miporitant design element for the Toussaint River thas
desire to recover potentially dangerous unexploolethance so it could be safely disposed of, wholetlie
Seabright project, the idea was to exclude anyanrda and leave it on the seabed.

For the Toussaint River project bed sediment wasowed using a modified clamshell bucket dredge and
deposited onto separation screens placed overapeehs of the bottom dump scows. As the dredgeriahte
was dumped onto the screen, it was visually moaitdhrough a remotely controlled camera systemlewthe
water jets separated the sediment from the ordndree maximum screen opening dimensions were 19mm i
one direction and 127mm in the other, the idead®iretain 20mm projectiles. However, it soon lmeealear
that the screens with their rectangular openinggWwecoming excessively clogged by clam shellsrandded
coarse gravel and they ended up by having to dutvery other lateral gate bar.



Fig. 9: Depth charge from the “Thomas Connelly”.

Using this method they achieved an overall productate of 20.5fthr or 205nVday, at a cost of $33/in
However, when the cost of the Explosives Ordnanspdsal Contractor was added, the cost per cubterme
became about $56/m

The Seabright Beach project is to be constructefbun Phases and started in 1994. Using a hoppestget
several pieces of ordnance were discovered atusniaces on the hopper and on the newly consttucte
beaches. Clean-up operations were required todamad remove ordnance on the beach and from thgehop
For the next Phase, a number of alternatives weaenimed including the use of alternative spoil siteut a
combination of suction intake screens and beachitguzontrol measures was determined to be the most
feasible option. The bars in this case were 38mth @mm openings. This led to a reduction in thppes
dredge production of approximately 17%. During H&ge on the beach, lighting had to be providedthad
Contractor had to submit a site-specific magnetemetork plan and a Safety and Health plan prior to
mobilisation. The cost per cubic metre for the lesand was some $5.2nor say 10% of the Toussaint River
costs.

5 CONCLUSIONS

The presence of potentially dangerous ordnancebeaexpected on virtually every dredging and rectéoma
project. However, the way in which it will be dealith should depend on its likely occurrence, tiyget of
ordnance and where the dredged material is to $podéed of. It is important therefore to carry odtilarisk

analysis and, having done so, it should then besiblesto look at the most appropriate method ofidgawith it

safely.

These investigations and subsequent actions shmaudr a number of areas and for a variety of regson
namely:

1. Pre-contract, to include a magnetometer surWyile towed magnetometer equipment can be used,
enabling large areas of the seabed to be investigaipidly and at least cost, it is unlikely to dme
effective as the type of detailed investigation dusm the @resund Link project, which is to be
recommended. In addition, desk-top studies shoeldasried out to examine any records of the firing
or dumping of ordnance etc, which should includerimation from previous dredging contracts. This
then allows proper risk assessments to be made.

2. While the examination of the sea bed and estzibly the likelihood of ordnance prior to a dredgin
contract might appear both expensive and time coimgy it will be no more so than a good site
investigation. Neither are likely to be as expeasind time consuming as any subsequent operations



once a contract has been let or the damage angsded@ised by an explosion or even the subsequent
claims and litigation. However, in some circumsesét may be possible to change the planned
dredging pattern in order to carry out full invgstions in specific areas without either delayihg t
contract or increasing costs, but such things inestonsidered prior to letting the Contract.

3. The Tender and subsequent Contract must be atetir the likely presence of ordnance and how the
Contractor should deal with it eg use of grids aagtheads or in the reclamation area, allowable
downtime, qualified staff to be employed, approfgriAuthorities to notify etc. As with all Contracts
the apportionment of risk should be clear.

4, Additional measures, such as trawling in ordeneimove any ordnance on the surface can be tsiéid a
is usually inexpensive. It is, however, unlikelyi® particularly effective.

5. It is essential that there is a co-ordinatedtstyy for dealing with ordnance and on the further
investigations that might be required. The appatprAuthorities, which could include the police,sthu
be informed on a daily basis on progress.

6. The Contractor must prepare and get approvahisf Health and Safety Plan, prior to work
commencing.

While death, injury and damage to plant due to livdnance are uncommon, it is essential that adequa
consideration is given to them at all times duafigstages of dredging and reclamation contracts.
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